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ABSTRACT 


In  the  first  part  of  the  present  research  the  percep¬ 
tion  of  contour  has  been  studied  both  from  a  theoretical 
and  a  practical  stand  point. 

Some  experiments  have  been  carried  out  by  the 
stabilized-image  technique  to  investigate  the  dependence 
of  the  visibility  of  contrast-borders  on  various  factors, 
in  the  absence  of  movement  of  the  retinal  images.  It  has 
been  found  that  the  time  during  which  a  subject  is  able 
to  see  a  stabilized  contrast-border  depends  on  the  same 
factors  which  affect  the  threshold  of  visibility  under 
normal  (unstabilized)  conditions.  Evidence  is  also 
presented  for  the  existence  of  interactions  between  a 
stabilized  contrast-border  and  an  unstabilized  border, 
and  also  for  the  possibility  of  conditioning  the  subjective 
disappearance  or  reappearance  of  a  stabilized  object  upon 
the  intermittent  presentation  of  a  second  stabilized  object 

In  addition,  using  normal  viewing  conditions,  subjects 
were  requested  to  report  whether  a  given  transition 
between  two  uniform  fields  of  different  luminances 
appears  sharp  or  blurred.  In  the  case  of  a  steep  edge,  the 
sensation  of  sharpness  arises  when  the  percent  contrast 
exceeds  17$,  in  photopic  vision.  At  mesopic  and  scotopic 
levels  a  higher  contrast  is  needed  for  reporting  the 
sensation  of  sharpness.  If  the  distribution  of  luminance 
is  rendered  graded  the  sensation  of  sharpness  is  reported 
if  the  slope  of  the  graded  zone  docs  not  exceed  a  limit¬ 
ing  value  which  is  found  to  be  the  greater,  the  greater 
the  difference  between  the  luminances  of  the  two  uniform 
fields.  Thus,  one  cannot  speak  of  "limiting”  slope  in 
an  absolute  sense.. 

In  the  second  part  the  perception  of  brightness  has 
been  investigated.  By  fixating  a  uniform  field  of  a  few 
degrees  diameter,  in  monocular  vision,  a  cyclical  varia¬ 
tion  of  brightness  has  been  tested,  involving  a  periodic 
blackout.  Such  an  effect  is  reported  after  a  suitable 
training  period,  and  in  addition  some  differences  are 
tested  between  the  two  eyes.  This  suggests  a  possible 
connection  with  eye  dominance.  In  binocular  vision  only 
a  faint  fluctuation  of  brightness  is  tested,  possibly 
because  of  a  phase  shift  between  the  fluctuations  of  the 
two  eyes. 


-  2  - 


In  the  empty  field  the  monocular  fluctuations  persist 
for  a  few  minuts  only.  In  binocular  vision  the  narrowing 
of  the  visual  field  is  tested,  presumably  because  of  the 
partial  overlapping  of  the  two  monocular  fields. 

Last,  in  the  attempt  of  building  up  a  structured 
situation  starting  from  a  ’'shapeless"  element,  the  in¬ 
duction  effects  observed  when  presenting  a  number  of 
thin  Vaok:  lines  of  variable  thickness  on  a  uniform 
bright  field  have  been  investigated. 

The  third  part  is  concerned  with  the  effect  of  blue 
light  on  retinal  sensitivity.  By  taking  as  an  index  the 
critical  flicker  frequency,  an  unexpected  increase  in  flic 
ker  sensitivity  is  tested  at  about  15°  -  20®  of  excentri- 
city  when  using  high  frequency  -  high  intensity  blue 
stimulation.  Thus,  if  the  narrowing  of  the  visual  field 
I  .  tested  when  driving  high  s‘peed  vehicles  is  duo  to  the 
fact  that  the  fusion  of  intermittent  stimuli  occurs 
earlier  in  the  periphery  than  in  the  fovea,  on  the  basis 
of  our  results  the  possibility  of  reporting  an  annular 
visual  field,  for  blue  stimuli,  is  emphasized. 

In  addition,  an  eloctrorotinographic  experiment  seems 
to  show  that,  when  adding  some  red  light  to  a  blue  stimu¬ 
lus,  the  size  of  the  scotopic  b-wave  is  depressed. 

The  fourth  part  deals  with  some  training  and  long¬ 
term  adaptation  effects  concerning  the  elcctrorctinogra- 
phic  response.  Such  effects  are  quite  new  and  exciting, 
in  that  the  electroretinogram  is  usually  regarded  as  an 
’bbjective"  response,  while  now  its  behaviour  seems  to  be 
similar  to  that  of  many  perceptual  tasks.  The. fact  that 
the  response  levels  change  from  day  to  day  without  any 
subjective  awareness  may  be  highly  relevant  to.  many 
monitoring  tasks  such  as  Radar  observations,  etc.  . 


1  -  INVESTIGATION  ON  THE  VISUAL  PERCEPTION  OP  CONTOURS 
ON  THE  VISIBILITY  OP  STABILIZED  CONTOURS 


1*  -  Introduction.  . . - . - _ _ . _ . . . 

The  edges  of  an  object  or,  more  generally,  any 
more  or  less  sharp  transition  from  a  homogeneous  zone 
in  the  visual  field  to  a  neighbouring  zone  having  dif¬ 
ferent  luminance  represent  a  critical  region  for  the 
visual  response.  Ilutual  interactions  between  neighbour¬ 
ing  units  stimulated  at  different  levels  are  known  to 
occur  in. the  retina  and  also  in  the  higher  synaptical 
regions,  and  to  be  responsible  for  the  enhancement  of 
contrast  at  both  sides  of  a  contour.  However,  the  ex¬ 
planation  of  the  visual  contour  effects  in  terms  of 
mutual  interactions  is  complicated  by  the  fact  that, 
under  normal  viewing  conditions,  most  retinal  receptive 
units  are  not  stimulated  at  a  constant  level  for  more 
than  a  small  fraction  of  a  second,  because  of  the 
movements  of  the  eye  which  cause  the  images  of  the 
observed  objects  to  move  with  respect  to  the  retina. 

The  usually  observed  contour  contrast  effects  are 
therefore  the  results  of  interactions  betv/een  rssponses 
to  stimuli  which  vary  in  time  as  a  consequence  of  eye 
movements. 

The  effects  of  eye  movements  can  be  prevented  by 
the  stabiliz6d-image  technique.  We  have  used  this 
technique  to  investigate  some  aspects  of  the  visual 
perception  of  contours.  The  results  of  this  kind  of 
investigation  may  be  considered  as  a  first  step  in  the 
more  general  research  on  the  visual  contours  effects 
and  provide  some  knowledge  of  the  behaviour  of  the 
contour-response  mechanisms  in  the  simplified,  although 
unrealistic,  case  of  steady  stimulation. 

The  technique  used  for  the  experiments  reported 
in  the  following  sections  has  been  devised  by  Riggs 
an  coworkers  (1)  and  separately  by  Ditchburn  and 
coworkers  (2)  (contact  lens  technique).  The  apparatus 
has  been  described  elsewhere(3) . 


2.  -  Subjective  blur  of  a  stabilized  test  object. 

When  the  image  of  a  sharp-defined  object  is 
stabilized  on  the  retina,  subjective  blur  is  reported 
after  a  few  seconds:  the  image  of  the  object  appears 
progressively  diffused  and  finally  disappears.  The  object 
usually  reappears  after  some  time,  either  sharp-defined 
or  with  diffused  borders,  and  then  disappears  again  and 
so  on. 


The  subjective  blur  of  the  stabilized  image  can  be 
ascribed  either  to  involuntary  fluctuations  of  accommo¬ 
dation  which  would  throw  the  retinal  image  of  the  object 
out  of  focus,  or  to  an  impairment  of  the  retinal  contour- 
sharpening  mechanisms,  due  to  the  constraint  of  movement. 
Involuntary  fluctuations  of  accommodation  are  very  like¬ 
ly  to  occur,  especially  when  no  unstabilized  fixation 
spot  is  provided,  but  they  are  not  the  only  cause  res¬ 
ponsible  for  subjective  blur.  This  has  been  proved  by 
an  experiment  where  accommodation  was  paralized  in  the 
observing  eye  of  the  subject  by  instillation  of  a  cyclo- 
pegic  drug. 

The  stabilized  test  object  was  a  black  vertical  line 
(27  Join  arc  length,  3  min  arc  width)  on  a  bright  cir¬ 
cular  field  1°  diameter,  1  nit  luminance.  The  observer 
reported  subjective  blur  of  the  line  during  a  large 
fraction  of  the  time  during  which  the  stabilized  line 
was  visible. 


The  observation  time  was  60  sec.  The  total  time 
during  which  the  observer  was  able  to  perceive  the  line 
was  35  sec  (average  of  three  ’Observations).  The  total 
time  during  which  the  line  was  subjectively  sharp  was 
15  sec  (average  of  five  observations). 

Subjective  blur  was  reported  during  stabilization 
also  for  different  test  objects,  namely  a  bright  spot 
13  min  diameter  on  a  dark  background,  and  a  bipartite 
photometric  field,  1°  diameter,  with  a  different  luminan¬ 
ce  in  the  two  parts. 
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3*  *“  Visibility  of  a  luminance  difference  as  a  function 

✓ 

of  the  sharpness  of  the  edge* 

The  visibility  of  the  luminance  difference  bet¬ 
ween  the  two  parts  pf  a  bipartite  field,  1°  diameter, 
whose  image  was  stabilized  on  the  retina,  has  been 
investigated  as  a  function  of  the  objective  sharpness 
of  the  edge  between  the  two  parts  of  the  field. 

The  two  parts  of  the  field  had  the  following  lumin¬ 
ances:  0.5  nits,  0.2  nits.  The  vertical  edge  between 
the  two  zones  could  be  either  sharp  or  defocussed  by 
a  variable  amount.  The  degree  of  blur  will  be  indicated 
by  the  size  of  the  diffusion  spot  in  the  optical  image 
of  the  target  projected  on  the  viewing  screen  and  which 
was  used  as  test  object.  The  diffusion  spot  in  the 
test  object  had  the  following  sizes:  0,  5»  10,  14  min 
arc. 

The  observer  pressed  the  key  of  a  recording  devise 
whenever  was  able  to  perceive  a  difference  in  brightness 
between  the  two  zones  of  the  field.  Ten  observations 
have  been  made  for  the  sharp  edge  as  well  as  for  each 
of  the  three  defocussed  edge  test  objects.  Each  obser¬ 
vation  lasted  60  sec. 

The  total  time  during  which  the  brightness  differ¬ 
ence  was  perceived  during  the  ten  observations  has  been 
averaged  and  expressed  as  a  percentage  of  the  total 
observation  time.  The  results  arc  reported  in  Pig.  1. 

The  figures  shows  that  the  decrement  in  contrast  sens¬ 
itivity  produced  by  an  increment  of  objective  blur  of 
the  edge  is  small  as  compared  with  the  overall  loss 
of  contrast  sensitivity  due  to  the  constraint  of 
movement.  (The  brightness  difference  was  perceived 
during  the  whole  observation  time,  when  movement  was 
not  constrained). 

It  has  seemed  of  interest  to  compare  these  results 
with  those  obtained  with  a  test  object  having  the  same 
size  and  the  same  brightness  difference  as  the  previous 
one,  but  where  the  smooth  luminance  transition  between 
the  two  parts  of  the  field  (the  out  of  focus  edge)  was 
absent  and  the  two  homogeneous  zones  were  separated  by 
a  dark  interval  having  one  of  the  following  widths: 


5,  10,  14  min  arc.  The  edges  between  either  of  the  ho* 
mogonoous  parts  of  the  test  object  and  the  inner  dark 
interval  were  objectively  sharp. 

The  observer  reported  the  time  during  which  the 
brightness  difference  was  perceived.  The  results  arc 
reported  in  Pig.  1  (dotted  lino).  These  results  agree 
with  those  obtained  b2'  Clowes  (4)  and  indicate  that 
the  absence  of  a  smooth  luminance,  variation  between 
two  zones  having  different  luminances  greatly  impairs 
tha  maintenance  of  brightness-difference  sensitivity, 
during  constraint  of  eye  movements. 


4.  -  Visibility  of  a  sharp-edged  test  object  as  a 

function  of  retinal  eccentricity. 

The  time  during  which  a  small,  sharp-edged  test 
object  is  perceived  *ndcr  constraint  of  ocular  movements 
depends  on  the  location  of  the  object  with  respect,  of 
tho  fixation  point.  The  dependence  of  the  time  of 
visibility  of  a  black  vertical  bar  (27  min  arc  length, 

3  min  arc  width)  on  a  bright  circular  field,  1  nit 
luminance,  has  been  investigated  in  two  conditions: 
l)  steady  voluntary  fixation,  with  constraint  of  volun¬ 
tary  movements,  2)  complete  stabilization,  with  const¬ 
raint  of  voluntary  movements  and  involuntary  movements. 
A  paper  on  this  subject,  by  A.K.Ercolcs  and  A.Piorcnti-^ 
ni,  will  be  published  in  the  journal  Atti  Fond.G.Ronchi 
Vol.XVII,  No6  (1962). 

Tho  retinal  oxcontricity  ranged  from  6  to  150 
min  of  arc  (angular  distance  of  the  test  line  from 
the  fixation  point).  Circular  bright  fields  of  threo 
different  sizes  have  been  used  (l°,  2°,  3°  diameter). 

Tho  time  during  which  tho  test  line  was  visible  was 
recorded  during  the  observations,  which  lasted  60  see 
each.  Tho  durations  of  single  intervale  of  visibility 
where  available  from  the  records. 

The  results  arc  reported  in  Pig.  2,  separately  for 
the  two  subjects  who  carried  out  the  experiment.  Etfch 
point  in  the  figure  represents  tho  average  of  at  least 
eight  data  recorded  on  different  days. 
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The  results  obtained  with  steady  voluntary  fix¬ 
ation  confirm  thet  the  involuntary  movements  alone  arc 
not  effective  in  maintaining  steady  visibility  of  a 
detail  oven  if  this  is  imaged  in  the  fovea,  and  show 
that  the  effcctis^acss  of  these  movements  decreases  by 
a  considerable  amount  when  the  cxccntricity  of  the 
detail  increases  from  6  to  150  min  of  arc.  Involuntary 
fluctuations  of  accommodation  arc  possibly  responsible 
„in  part  for  this  result.  ..  .  .  _ _ _ 

The  results  obtained  .with  the  stabilized  image 
technique  arc  more  significant  if  wo  consider  the  dur¬ 
ation  of  the  single  intervals  of  visibility,  rather 
than  the  total  time  of  visibility  of  the  test  object. 
The  frequency  distributions  of  the  single  intervals  of 
visibility  of  the  line  for  the  various  retinal  loca¬ 
tions  seem  to  be  bimodal.  The  mode  of  the  short- 
duration  branch  of  the  frequency  distribution  curves 
could  indicaxc  the  most  probable  duration  of  visibili¬ 
ty  of  the  test  object  when  the  stabilization  is  maint¬ 
ained  rigorously  constant.  The  difference  between 
the  modes  of  the  two  branches  of  each  mrve  would 
indicate  the  most  probable  increment  o.t'  the  time  of 
visibility  due  to  a  break-down  of  stabilization 
(slippage  of  the  contact  lens  brought!  pbout  by  a 
sharp  movement  of  the  eye,  or  convulsive  change  of 
accommodation).  If  this  interpretation  is  correct,  our 
data  would  show  that  the  visibility  of  the  tost  object 
under  complete  stabilization  decays  more  rapidly  at 
150  min  cxccntricity  (average  visibility  interval  1 
see)  than  near  the  center  of  the  fovea  (average  visi¬ 
bility  interval  2.5  see).  Moreover,  a  break-down  of 
stabilization  is  more  effective  in  lengthening  the  ti¬ 
me  of  visibility  in  the  fovea  than  in  the  parafovea. 
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A  continous  recording  apparatus  was  used  to  record 
the  time  during  which  the  subject  was  able  to  perceive 
the  disc  and,  separately,  the  tine  during  which  the  ring 
was  presented.  Two  subjects  took  part  in  the  experiment. 
The  stimulus  luminance  was  1  nit  for  subject  A.M.2.  and 
0.6  nit  for  subject  A.?. 

A  session  consisted  of  two  observations  of  the  disc 
alone  and  of  eight  observations  during  which  the  ring 
was  presented  at  various  rates  and  with  light  and  dark 
phases  of  equal  duration,  while  the  disc  was  steadily 
illuminated.  Each  observation  lasted  60  sec.  The  periods 
of  the  ring  presentations  were  8,  6,  4,  2  sec  for  A.P. 
and  10,  8,  6,  4  sec  for  A.Ii.E.  Two  observations  for 
each  period  wore  made  in  a  session.  Six  sessions  v/ere 
carried  out  by  A.II.E.  and  five  by  A.P.  One  further  ses¬ 
sion  carried  out  by  A.P.  consisted  of  ten  observations 
during  which  the  ring  was  not  presented  at  a  constant 
rate,  but  was  delivered  0.75  see  after  each  subjective 
disappearance  of  the  disc  and  was  removed  0.75  sec 
after  each  subjective  reappearance  of  the  disc. 

The  results  for  subject  A.P.  are  the  following. 

Por  ring  periods  of  8  and  6  seconds,  the  fluctuations 
of  visibility  of  the  tost  stimulus  arc  apcriodical,  the 
occurrence  of  dis appearances  and  reappearances  of  the 
disc  being  little  correlated  with  the  prosentatl  on3  and 
removals  of  the  ring.  Por  the  4  sec  period,  the  records 
of  the  time  of  visibility  of  the  disc  arc  periodical: 

74#  test  stimulus  reappearances  inr.icdiotoly  follow  the 
onset  of  the  ring  and  88#  disappearances  immediately 
follow  the  removal  of  the  ring.  Host  of  the  renainig 
disappearances  and  reappearances  occur  simultaneously 
or  immediately  prcccd  the  removal  and  the  onset  of  the 
ring,  respectively. 

Por  tho  period  of  2  see  the  situation  varied  during 
the  experiment.  During  the  first  session,  the  first 
record  was  apcriodical,  with  an  average  duration  of  the 
visibility-invisibility  cycles  much  greater  than  2  see, 
whilo  tho  second  record  contained  a  train  of  six  2  sec 
cycles.  All  records  from  the  follov/ing  sessions  were 
periodical,  almost  all  appearances  and  disappearances 
of  tho  disc  being  exactly  synchronized  with  tho  onsets 
and  removals  of  the  ring. 

Por  tho  othor  subject  bhc  same  results  are  found 
for  periods  respectively  2  sco  longer. 


5*  -  Influence  of  a  stabilized  or  non-stabilized  contrast 

border  on  the  visibility  of  another  stabilized  borde: 

The  presence  in  the  field  of  view  of  unstabilized 
contrast  borders  can  affect  the  visibility  of  stabilized 
objects.  This  fact  was  pointed  out  by  Me  Kay  (5),  who 
noticed  that,  if  he  introduced  his  finger  in  the  field 
of  view  of  the  eye  wearing  the  contact  lens  with  the 
stabilizing  device,  the  stabilized  pattern  immediately 
disappeared. 

We  have  investigated  the  effects  on  the  visibility 
of  a  stabilized  test  object  produced  either  by  an  un¬ 
stabilized  object  or  by  a  second  stabilized  object 
presented  intermittently. 

In  the  first  experiment  the  stabilized  test  object 
was  a  bright  disc,  13  min  arc  diameter,  1  nit  luminance. 
It  was  surrounded  by  a  bright  narrow  annulus,  1°  diameter 
somewhat  brighter  than  the  disc,  whose  image  was  not 
stabilized.  The  subject  was  instructed  to  look  at  the 
center  of  the  annulus  during  the  observation  and  the 
projecting  system  of  the  stabilizing  apparatus  was 
arranged  to  center  the  stabilized  disc  with  respect  to 
the  fixation  point. 

Ten  observations,  of  60  sec  each,  have  been  made 
with  the  annulus  surreunging  the  disc,  and  ten  observa¬ 
tions  have  been  made  without  the  annulus.  The  time 
during  which  the  observer  could  perceive  the  stabilized 
disc  was  recorded.  The  total  time  of  visibility  of  the 
disc,  expressed  as  a  fraction  of  the  toaal  observation 
time ,  was  0*55  in  the observations  with  the  unstabilized 
annulus  and  0«71  in  the  observations  without  the  annulus. 

This  confirms  that  the  presence  of  an  unstabilized 
object  impairs  the  visibility  of  a  stabilized  object. 

In  the  second  experiment  the  test  object  was  the 
same  bright  disc  used  in  the  first  experiment.  It  was 
surrounded  by  a  bright  ring  (inner  diameter  26,  outer 
diameter  32  min  cf  arc)  whose  image  was  also  stabilized. 
The  ring  could  be  presented  intermittently  at  various 
rates  of  intermittcnce ,  during  steady  presentation  of 
the  disc. 


/  A  progressive  increasing  periodicity  of  visibility 
and  invisibility  phases  was  found  in  the  records  from 
the  session  where  the  presentations  and  removals  of  the 
ring  were  delayed  by  a  constant  amount  with  respect  to 
the  subjective  disappearances  and  reappearances  of  the 
disc.  In  the  first  few  records  the  fluctuations  of  vi¬ 
sibility  of  the  test  stimulus  seem  to  be  largely  in¬ 
dependent  of  the  ring  presentations.  In  the  intermediate 
records  the  presentations  of  the  ring  are  always  close¬ 
ly  followed  by  a  reappearance  of  the  disc,  while  the 
removals  of  the  ring  do  not  always  bring  about  a  prompt 
disappearance  of  the  disc.  In  the  last  records  appear¬ 
ances  and  disappearances  of  the  disc  arc  almost  complete¬ 
ly  driven  by  the  ring. 

Alltogether  the  results  of  the  present  experiment 
confirm  the  possibility  of  influencing  tho  disappearance 
and  reappearance  of  a  steadily  illuminated,  stabilized 
object  by  intermittent  presentation  of  a  second  stimu¬ 
lus.  For  this  to  occur,  however,  the  second  stimulus 
has  to  bo  removed  when  the  steady  stimulus  is  almost 
ready  to  disappear  spontaneously,  or  presented  when 
tho  steady  stimulus  is  almost  ready  to  reappear;  other¬ 
wise  the  intermittent  stimulus  can  scarcely  interfere 
with  the  steady  stimulus. (+) 


6.  -  Discussion. 

Tho  rccults  of  tho  experiments  reported  in  the 
sections  2,  3  and  4  can  be  summarized  as  follows. 

Tho  visibility  of  a  brightness  difference  between 
two  adjacent  areas  is  maintained  only  for  a  limited  tine 
during  steady  stimulation.  When  the  two  areas  ere  divid 
cd  by  a  sharp  edge,  tho  sendation  of  sharpness  decays 
more  rapidly  than  the  sensation  of  contrast.  Tho  time 
during  which  the  brightness  difference  can  be  perceived 


(+)  This  experiment  has  boon  described  and  discussed  in 
tho  paper  "On  some  factors  influencing  tho  disappear¬ 
ance  of  a  stabilized  image",  by  A.Fiorentini  and 
A.M.Ercolcs,  presented  at  the  6th  CIO  Meeting, 

Munich,  August  1962. 


is  not  vory  sensitive  to  an  increase  in  the  physical 
blur  of  tho  edge,  whereas  it  decreases  very  rapidly 
when  the  separation  between  tho  two  areas  increases, 
if  no  snooth  luninanco  transition  is  present  in  between. 
The  tine  of  visibility  of  contrast  decreases  rapidly 
with  increasing  retinal  oxccntricitics. 

All  these  results  reflect  in  somo  way  the  behaviour 
of  the  contrast  threshold,  measure  under  norm  1  (un¬ 
stabilized)  viewing  conditions:  tho  liminal  contrast 
requirod  for  the  sharp  perception  of  a  physically 
sharp  edge  is  higher  than  tho  liminal  contrast  requir¬ 
ed  to  perceive  a  brightness  difference  (6);  tho  lininal 
luninanco  difference  between  two  honogenous  areas 
required  to  pci coivc  a  brightness  difference  is  smaller 
if  a  snooth  luninance  transition  is  present  between  the 
two  areas,  than  if  the  interval  in  between  is  dark  (7)} 
the  contrast  threshold  for  a  test  object  of  constant 
size  decreases  when  increasing  retinal  cxcentricity  (8). 

We  could  say  that  the  sane  factors  which  affect 
contrast  sensitivity  when  the  eyo  novenents  aro  not 
constrained,  affect  the  maintenance  of  contrast  .vi¬ 
sibility  in  the  absence  of  movement. 

This  fact  would  have  two  inplications.  First,  the 
eye  movements  should  not  have  a  great  role  in  enhanc¬ 
ing  the  contrast  or  contour  perception,  but  merely  that 
of  maintaining  the  contrast  response  in  tine.  In  other 
words,  spatial  factors,  namely  changes  in  illumination 
across  small  retinal  regions,  would  prevail  with  respccl 
to  temporal  factors,  namely  changes  in  illumination  at 
a  given  retinal  point  due  to  eye  novenents,  as  far  as 
the  contrast  sensitivity  is  concerned.  This  agrees  with 
what  is  known  about  tho  role  of  eye  movements  in  acuity 
thresholds.  (9) 

Second,  tho  duration  of  visibility  of  a  brightness 
difference  or  of  perception  of  a  contour  docs  not  dep¬ 
end  merely  on  the  objective  luminance  difference,  but 
rather  on  tho  subjective  brightness  difference.  For 
instance,  in  the  experiment  with  tho  bipartite  field 
(section  3)  for  the  same  luminance  difference  between 
the  two  parts  of  the  field,  the  time  of  visibility  is 
longer  in  the  prcceneo  of  a  smooth  luminance  transitioj 
(which  enhances  the  sensitivity  to  luminance  differen¬ 
ces)  than  in  the  presence  of  a  dark  interval.  The  deca; 


of  contrast  sensitivity  under  prolonged  constant  stimula¬ 
tion  occurs  probably  not  at  tho  receptor  level,  but  at 
t.  further  stage  in  the  visual  path,  where  the  response  is 
vealaboratc  to  introduce  contour  enhancement • 

let  us  consider  now  tho  results  of  the  experiment 
reported  in  section  5.  The  prosoneo  in  the  field  of  view 
t.f  an  unstabilized  object  depresses-,  the  visibility  of  a 
stabilized  object.  This  can  bo  accounted  for  in  part  by 
the  mors  accurate  fixation  allowed  by  the  presence  of  the 
instabilized  ring:  in  tho  ab sense  of  the  ring  tho  eye 
c ould  perform  uncontrolled  movements  which  would  possibly 
cestroy  stabilization.  However  the  offset  could  also  be 
due  to  an  inhibition  of  the  steady  response  from  the  sta¬ 
bilized  object  by  the  variable  response  from  tho  unstabi- 
jjized  object.  The  interactions  between  the  stabilized 
isc  and  the  stabilized  intermittent  ring  seem  to  be 
omewhat  different,  because  the  presentation  of  the  ring 
^cilitates  the  reappearance  of  the  disc,  and  the  lemoval 
ojf  the  ring  anticipates  the  disappearance  of  tho  disc, 
fioth  experiments  however  agree  in  showing  that  it  is  pos¬ 
sible  .to  influence  the  time  course  of  the  response  from 
a!  steadily  stimulated  area  by  changing  the  stimulation  of 
a!  different  area,  at  some  distance  from  the  first. 


In  some  previous  researches  (10)(11)(3)  it  has  been 
shown  that  a  stabilized  test  object  can  be  prevented 
from  fading  away  by  flickering  it  on  and  off,  arid  this 
was  considered  as  a  prove  that  a  variation  in  the  stimulus 
is  required  to  maintain  the  response  in  the  absence  of 
movement.  Here  vie  are  faced  with  the  evidence  that  the 
response  can  be  controlled  by  changing  the  amount  of 
inhibition  from  a  laterally  displaced  stimulus.  This  points 
again  in  favour  of  the  hypothesis  that  tho  dacay  of 
sensitivity  produced  by  the  constraint  of  movement  is 
a  consequence  of  fatigue  of  the  coutour  enhancing 
mechanisms  mediated  by  lateral  inhibition,  rather  than 
the  result  of  a  depression  of  the  response  from  the 
steadily  stimulated  retinal  receptors. 

Possibly  the  retina  is  not  the  only  seat  of  interac¬ 
tions  between  the  responses  to  a  steady  stimulus  and  to 
a  variable  stimulus.  Evidence  for  contral  interactions 
can  be  found  in  the  close  analogy  between  the  suppression 
of'  the  stabilized  disc  by  the  unstabilized  ring  and  the 
phenomenon  of  binocular  rivarly,  as  was  first  pointed  out 
by  MacKay,  and  also  in  tho  increasing  effect  of  the  pul¬ 
sating  ring  on  the  stabilized  disc  from  the  first  exper¬ 
imental  session  to  tho  followings. 
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ON  THE  SENSATION  OF  SHARPNESS 

Our  contribution  in  this  area  i3  reported  in  de¬ 
tail  in  five  papers (l ) (2) (3) (4-) (5). Those  works  aim  at 
determining: (a) , under  what  conditions  a  physically  <- 
atocp  border  appears  either  sharp  or  blurred, (b) , under 
what  conditions  a  graded  distribution  of  luminance  ap¬ 
pears  sharp. or  not, and  (c), which  is  the  physiological 
mechanism  subserving  the  perception  of  sharpness. Both 
the  threshold  of  visibility  at  the  threshold  and  the 

threshold  of  sharpness  of  physically  contoured  test- . 

objects  have  been  determined  at  various  luminance  le¬ 
vels.  The  ratio  of  the  luminance  at  threshold  of  per¬ 
ception, to  the  luminance  at  threshold  of  sharpness  is 
found  to  vary  as  a  function  of  the  adapting  luminahcc 
as  shown  in  fig. 3. In  addition, the  threshold  of  sharp¬ 
ness  has  been  found  to  vary  as  a  function  of  the  expo¬ 
sure  tine  as  shown  in  fig. 4. 

Now, if  a  steep  edge  is  rendered  graded, the  eye 
feels  a  change  in  the  aspect  of  the  figure  as  soon  as 
the  size  of  the  penumbra  attains  2  or  3  min.  of  arc  of 
visual  angle, ace or ding  to  Campbell's  critorion(sco : 
Optica  Acta, <4,157»(1957)). Such  a  value  is  found  to  do. 
pend  on  contrast, in  the  sense  that  the  lower  the  con¬ 
trast, the  more  tolerant  the  cy^  is. 

If  the  graded  zone  is  further  decreased. sharp  llach 
bands  arc  seen  to  dclimitatcy&it ,up  to  values  of  the 
penumbra  of  about  20-24'; such  a  value  is  again  depen¬ 
ding  on  the  contrast  valuijintcrprctcd  as  the  percent 
difference  of  the  luminances  of  the  two  uniform  fields 
enclosing  the  graded  zone jhowever, the  dependence  on 
contrast  is  now  tested  to  be  opposite  with  respect  to 
that  reported  by  Campbell. 

If  the  size  of  the  graded  zone  is  increased  from 
24'  on, according  to  Fiorentini's  results (see  years  1955 
through  1959  of  the  "Atti  della  Pondazionc  G.  Ronchi), 
Mach  bands  arc  seen  up  to  extents  of  the  penumbra  of 
4-*5°»Thc  bands  , now, have  lost  their  sharpness  and  vi¬ 
vidness ,  which,  on  the  other  hand, is  tested  for  penum- 


NOTE-Por  bibliographical  references  see  the  "List  of 
Technical  Notes". 
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brac  smaller  than  24*. The  dependence  on  contrast  of  th£ 
so  bends  is  found  to  be  complex. 

In  the  graded  zone  of  any  3izc, multiple  lach  bhnds 
are  seen, often  transitory  and  fluctuating. 

An  analysis  of  the  results  obtained  by  various  au¬ 
thors  brings  to  the  conclusion  that  the  discrepancies 
as  tC  the  above  reported  dependence  on  contrast, in  the 
various  cas~s,is  only  apparent  and  illuosry,in  that, if 
we  evaluate  the  slope  H  of  the  graded  zonc,ai;  the  thre¬ 
shold  of  visibility  of  iiach  bands, we  find  that  such  a 
quantity  increases  linearly  when  the  lu  finance  differen¬ 
ce  between  the  two  uniform  fields  is  increased. If  wo 
regard  H  as  the  first  derivative  of  the  luminance  fun¬ 
ction  f(x), representing  the  photometric  profile  with  re¬ 
spect  to  the  spatial  coordinate  x,it  follows  that, if  al¬ 
so  the  luminance  I  of  one  of  the  two  uniform  fields  is 
taken  as  a  variable  ,;iach  .bands  arc  seen  for  a  given  con 
stant  value  of  the-  second  derivative  of  the  said  fun¬ 
ction  with  respect  to  both  the  variables, x  and  I. 

Thus, one  cannot  speak  of  "limiting  slope"  in  an  ab¬ 
solute  sense. 

The  physiological  explanation  of  the  above  descri¬ 
bed  effect  is  reported  in  detail  in  ref. (4). Here  it  will 
be  briefly  summarized  as  follows. 

3y  regarding  as  incxistcnt  the  old  distinction  bet¬ 
ween  "border  contrast"  and  "surface  contrast" , we  will 
speak  in  terms  of  simultaneous  contrast _in  the  general 
sense  of  the  word. In  addition,  we  will  ePbunc  that  I!ach 
phenomenon  arises  also  in  the  »«  ease  of  a  physically 
steep  edge. There  is  a  controversy  on  this  point, however 
microphysiological  evidence  plays  in  favour  of  our  as¬ 
sumption.  last , according  to  our  point  of  view, sensation 

-harpnessCin  the  ease  of  a  physically  steep  edge) 
a.,  .'ach  phenomenon  are  subserved  by  the  same  mechanism 
roach  is  activated  when  the  dif.t\,r^ncc  between  the  lunu 
nances  of  two  ndirby  fields  is  sufficiently  high. 

We  think  tnat  such  an  activation  occurs  when  the  sti 
mulus  is  so  intense  that  a  change  in  the  state  of  ada¬ 
ptation  of  the  eye  i3  produced  at  the  "locus"  of  sti¬ 
mulation.  Such  a  change  would  imply  a  transitory  effect, 
so  that  we  may  speak  of  "rapid  loc~l  adapt ati on". This 
is  in  agrecLint  with  the  viov;  that  the  vividness  of  Mach 
phenomenon  i3  greater  just  at  the  beginning  of  otimu- 


lation  that  after  a  few  see  of  steady  fixation(Riggs- 
Eatliff-Kocsoy-J0Sl,51,702, (1961 ) ). 

In  the  ease  of  a  physically  steep  edge, the  said  ex¬ 
planation  seems  to  be  confirmed  by  the  following  expe¬ 
riment,  reported  in  detail  in  rcf.(5)*Tlw.  eye  is  first 
presented  with  a  bipartite  field, consisting  of  two  a- 
djacont  fields  of  different  lu.iinances,thc  relative  con 
trast  being  c; after  a  given  "adaptation  "  time  T,thc  eye r 
is  abruptly  presented  with  a  field  of  uniform  luminance, 
upon  which, if  steady  fixation  is  maintained, a  difference 
im-brightness  is  seen  to  persist  for  a  given  time  t.For 
given  values  of  both  I  and  c,thc  behavior  of  t  as  a  fun 
ction  of  log  luminance  has  been  recorded; t  is  found  to 
vary  from  a  few  see  to, say, 150  see. For  low  values  of  c 
the  difference  in  brightness  appears  after  a  latency  ti 
io  of  a  few  see. Last, the  transition  between  the  two 
zones  of  different  brightness  appears  as  delimitated 
by  a  dark  band. In  addition,  to  such  a  "slow"  effect, a 
r^.pid  bright  band  is  seen  to  appear  for  a  brief  time 
after  the  onset  of  the  gradient  of  brightness. The  like- 
lihhod  of  perceiving  such  a  band  is  found  to  be  in  good, 
at  photopic  levels, if  contrast  exceeds, say, 50$. For  lower 
contrast, the  perception  of  the  band  is  coutcracted  by 
the  above  said  slow  effect , which, in  turn, is  characteri¬ 
zed  by  the  presence  of  a  dark  band, running  parallel  to 
the  bright  one, but  with  different  time  characteristics. 

If  the  time  $  is  suitably  reduced, the  probability  of 
perceiving  the  bright  band  may  be  increased  even  in  the 
case  of  a  low  contrast, in  that  the  effect  due  to  the 
slower  process  may  be  minimized. 

All  it  shows  how  difficult  it  is  to  interprete  the 
influence  of  "time"  as  a  factor; the  interpretation  baded 
on  later-.  1  inhibition  in  a  "steady"  state  requires  that 
the  simultaneous  contrast  effect  is  reducoi  when  the 
exposure  time  is  decreases. However, recent  microphysio- 
logical  experiments (Hartlinc-Ratliff- "Nervous  inhibition" 
Pofgamon  Press, Hew  York,(l56l))  put  into  evidence  some 
transitory  effect  occurring  when  the  state  of  the  retina 
is  other  than  "steady" .These  effects  affect  in  a  compli¬ 
cate  way  the  mutual  balance  between  excitation  and  inhi¬ 
bition  within  the  receptor  field. 

In  the  ease  of  a  graded  distribution  of  luminance, the 
important  factor  seems  to  be  the  drop  of  luminance  through 


a  receptor  field. According  to  Pirenne  and  Dcnton*s  view 
(nature. 170.1039. (1952)) .when  luminance  is  increased, 
smaller  units, contained  within  each  receptor  field, arc 
likely  to  reach  their  absolute  threshold. Their  cxiston 
cc  might  explain  both  the  presence  of  multiple  bands  in 
a  graded  distribution  of  luminance, r.nd  the  increase  in 
liainc.l  slope  tested  when  the  difference  between  the 
luminances  of  the  two  uniform  fields  i3  increased. 

In  conclusion, the  grater  vividness  of  *Tach  bends, 
for  penumbrac  smaller  than  24*, might  fee  escribed  to  the 
fact  that  both  lateral  inhibition(in  the  steady  sense) 
and  rapid( transient)  effects  ar  at  work, so  that  the 
bands  are  a  compromise  between  simultaneous  and  succes¬ 
sive  contrast  effects. For  penumbrac  larger  than  24*, on 
the  other  hand,tho  former  factor  only  plays  a  role. 

In  the  case  of  a  thin  stripe, black  on  a  bright  back 
ground, at  the  threshold  of  sharpness , rapid  effect  are 
likely  to  be  again  at  work. .'Then  the  angular  size  is  les¬ 
sor  than, say, 1  min.  of  arc, at  tliw  luminance  level  con¬ 
sidered,  (0.35  nit), the  strips  appears  blurred ;but, if 
3uct  a  stripe  is  placed  at  a  sx.ll  distance  with  respect 
to  another  equal  stripe, both  them  are  scon  charp. Analo¬ 
gously, a  grating, at  the  resolution  limit, appuras  to  con¬ 
sist  of  a  series  of  parallel  sharp  lines. In  this  connec, 
ticn,wo  would  suggest  that  such  a  situation  is  analogous 
to  that  of  a  graded  distribution  of  luminance  which  pro- 
dueos  sharp  llach  bands, in  that, in  both  the  eases, a 

r^pid  local  adaptation  would  occur  within  the  receptor 
ficld.lt  follows  that  the  determination  of  the  resolving 
power  implies  a  quite  different  process  with  respect  to 
the  determination  of  contrast  threshold  in  the  Fcchnc- 
rian  sense, which, in  turn,inplcs  such  a  smell  increment 
of  luminance  that  the  state  of  adaptation  of  the  eye  is 
not  troubled  at  all.  Lest, if  the  slope  of  the  response 
function  of  the  cyc(C:r?>  x  V-  *m  by  the  aid  of  a  grating) 
is  deter  lined, we  find  that , whatever  the  frequency, the 
drop  of  contrast  through  the  unit  of  visual  angle  is  of 
the  same  order  of  magnitude  as  that  required  for  having 
sharp  Inch  bands. 
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2-1  INVESTIGATION  ON  THE  SENSATION  0?  3RI GETNESS 


It  is  known  that  the  sensation  of  brightness  docs 
not  depend  on  the  intensity (or  luminance)  of  the  stimu¬ 
lus,  only, but  other  factors  play  c  role. The  fundamental 
factor  is  the  state  of  adaptation  of  tiu.  retinasthc  ap¬ 
parent  brightness  cf  a  stimulus  seems  to  increase  when 
passing 'from  the  light  adaptation  to  the  d-rk  adaptation 
state. In  this  sense, the  sensation  of  brightness  is  rcla 
tive  to  the  adapting  luminance.. iiiotiur  factor  is  repre¬ 
sented  by  the  induction -effects  extorted  by  the  stimuli 
(if  any)  present  in  the  visual  field. Those  stimuli  cl3o 
coopv.rc.to  in  determining  the  state  of  adept. tion  of  the 
retina. Distinction  is  m-do  between  the  V>norul  state 
of  ad-.ptation” ,  which  is  referred  to  a  moan  luminance  le¬ 
vel, cvalu_tod  by  averaging  the  intonsitites  of  all  the 
sources  present  in  a  not  homogeneous  visual  field, and 
the  local  adaptation  which  occurs  at  a  limited  portion 
of  the  retina  and  produces  a  transitory  variation  in  the 
general  adaptation  l-avel. 

The  so-3aid  brightness  constancy  law  may  be  regarded 
es  a  consequence  of  the  fact  that  the  retina  provides  a 
relative  (and  not  absolute)  information  for  brightness: 
the  apsect  of  (familiar)  objects  does  not  seen  to  vary 
apprccicbly,for  instance  during  the  course  of  the  day, 
in  spite  of  the  changes  in  luiin.ncc  occurring  from  ti¬ 
ne  to  time, and  in  spit.;  of  the  complex  and  variable  in¬ 
duction  effects. The  law  of  brightness  constancy  is  ge¬ 
nerally  regarded  as  a  defense  cf  individuals  against  a 
too  variable  situation, >;hi eh, otherv;i3o .would  be-  extre- 
icly -confusing  and  rich  of  unimportant  information. 

In  spite  of  the  feet  that  recent  microphysiological 
rescmch  tends  to  ascribe  to  retinal  org_nization  the 
major  responsability  as  far  as  constancy  is  concer¬ 
ned,  obviously  central  factors  cannot  be  excluded. Sophy- 
sticcted  subjects  tend  to  couteract  the  consequences  of 
constancy  law, and  they  note  many  changes  in  the  aspect 
of  test-ojccts(in  particular , in  their  brightness), which 
appear  quit v,  irrilevant  to  navy  subjects. 

By  now, for  th~  sake  of  simplicity, lot  us  make  d±- 
BtinwtwBH  abstraction  from  induction  effects. Let  a  test 
object  be  superimposed  upon  a  background  of  uniform  lu- 

NOTEjfor  bibliographical  references  see  the '’list  of 
Technical  Notes”. 


minanccjin  addition, let  us  sssu.no  that  when  the  luainan 
cc  od  the  test-object  is  varied, the  luminance  of  the 
background  is  correspondingly  varied, so  that  the  object 
contrast  relatively  to  the  background  docs  not  depend 
on  the  actual  illuminance  level. Let  us  consider  now  the 
following  example : at  photopic  levels, the  threshold  con¬ 
trast  is  known  to  bu  c onstant; however , if  one  wants  to 
know  whonther  the  sensation  of  brightness, for  a  given 
supratiireshold  value, at  a  given  level, is  the  same  as 
that  evoked  by  the  s..nc  contrast  value, at  a  different 
level, ho  must  perform  a  "successive  "  comparison, rela¬ 
tively  to  sensations  far  apprt  in  time. In  fact, when  the 
luminance  of  the  background  is  changed, some  time  must 
elapse  before  adapting  the  retina  to  thu  new  level. Thus, 
the  "memory  for  brightness"  is  involved. At  ncsopic  and 
scotopic  levels, the  problem  is  more  complicated, because 
of  the  change  in  sensitivity  as  a  function  of  the  ada¬ 
ptation  level.  . 

If  we  assume  that  after  the  off-set  of  the  stimulus 
a  trace  of  it  remains, not  only  in  the  rctina(in  the 
form  of  af tcr-image) ,but  also  in  the  higher  centers ,whi eh 
deteriorates  with  time, the  question  arises  as  to  the 
•  characteristics  of  such  a  deterioration. 

From  a  practical  stand  point  thu  couterpart  of  this 
problem  may  bu  found  in  3ome  p^duliai  tasks  required  to 
Hadar  op  era  tors,  and,  in  addition, in  seme-  peculiar  situa 
tions, where  the  subject  is  rejrtictsjcd  to  spend  some  time 
in  ambients  containing  no  visual  reference  cue  ct  all, 
except  for  a  uniform  illuminami on (empty  field). 

.lany  factors  are  involved  in  the  problem, and, in 
addition, we  are  faced  with  lohg-lasting  experiments , in 
order  to  avoid  the  interaction  between  successive  pre¬ 
sentations  of  some  blocks  of  test-stimuli. 

Thu  experiment  on  memory  for  brightness  performed 
by  us  during  the  past  year(6)  refers  to  thu  following 
cond.it  ions:  two  stimuli  of  ciffur^nt  luminances (both  me 
sopic, each  lasting  60  msec), in  a  dark  room, are  delivered 
to  the  cuntrul  retina, either  contemporaneously , or  in 
succession. Subjects  are  instructed  to  express  their  jud 
goment  about  the  relative  difference  on  brightness. In 
the  first  part  of  the  experiment , the  lu  linancc  of  the 
former  stimulus  differed  with  respect  to  that  of  the  lat 
ter  by  0.1  log  inits.In  the  second  part, of  0.2  log  units. 

•  In  thu  former  case, where  the  p^rca-nt  contrast  between 
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tho  *two  stimuli  to  be  compared  v.us  20j£)tho  effects  of 
memory  arc  difficult  to  be  separated  from  the  effects 
arising  fron  unexpected  changes  in  sensitivity  occurring 
as  a  function  of  luminance. 

In  the  latter  ease, the  number  of  prong  responses  is 
found  to  inccrcasc  rapidly  v?hen  passing  from  siia  simul 
toncous  .letch  to  the  nenofry  act  eh,  corresponding  to  a  ti 
no  interval  of  8  see. If  such  an  interval  is  increased, 
from  8  through  60  see, a  slop  increase  in  the  number  of 
prong  responses  is  tested. Once  accepted  that  an  ad^pta- 
tionsl  process  affecting  tin.  trace  left  by  the  former 
stimulus ( of  the  pair  presented  in  succession), is  at  work, 
the"1Sciio.  const  nt"  of/such  a  process  is  shown  in  fig. 5. 

Pour  subjects  took  pc.it  in  this  experiment. 

Before  investigating  the  effects  on  memory  of  pro¬ 
longed  exposure  to  an  empty  field  (a  work  along  such  a 
line  is  now  in  progress), a  study  of  the  behavior  of  our 
subcjct3  as  that  reported  in  references  (?)  through  (10) 
has  been  performed. 

In  a  preliminary  experiment (7) ,a  10  dog.  dicr.i'*  unf3? 
form  fi$U:» surrounded  by  dark, is  steadily  gazed  in  mo¬ 
nocular  vision, end  a  cyclical  variation  of  apparent 
brightness  is  reported. A3  indexes  of  such  an  effect  we 
assumed  both  the  frequency  of  tho  fluctuation  and  the 
ratio  of  the  tine  through  which  the  field  is  sccn5r  as 
bright  to  the  time  through  which  it  is  seen  as"darkw. 

Such  a  quantity  has  been  indicated  by  tho  aid  of  symbol 
LDR. During  the  "training"  period  for  an  unexperienced 
subject, the  frequency  of  the  fluctuation  is  found  to 
increase  (starting  from  zero  v,_luc  on), while  the  IDE  tends 
to  decrease. Ko  significant  differences  are  tested  bet¬ 
ween  the  LDR  for  the  right  eye, and  that  for  the  left  eye, 
if  the  fixation  point  lies  at  tho  center  of  the  10°  field. 
But, if  the  fixation  is  brought  at  one  extreme  of  the  ho¬ 
rizontal  dime  ter,  different  LDR  arc  re  corded,  within  one 
of  the  eyes, according  to  tho  half th( either  right  or  left) 
of  retina  stimulated. 

‘.Then  tho  10  deg.  diam  field  is  fixated  in  binocular 
vision, the  apparent  brightness  is  soon  to  fluctuate  fain 
tly,and  the  tot~l  blackout  is  never  reported. A  smell  con¬ 
trast  difference, superimposed  upon  the  fixated  t^st-field 
is  perceived  only  for  a  fraction  of  the  tine  of  presenta¬ 
tion. The  amount  of  the  variation  in  brightness  occurring 
during  the  course  of  fluctuation  has  been  tentatively  eva 


luatod, by  assuming  th-_t  a  doorcase  in  apparent  bright¬ 
ness  involves  a  doorcase  in  limincl  contrast (by  analogy 
with  Fcchncr's  law  concerning  the  variation  of  contrast 
threshold  as  a  function  of  adapting  luniancc). 

Th-  mutual  influence  of  the  two  eyes  represents  a 
rather  complex  probfihc.One  might  suggest  that  a  slight 
phase  shift  between  the  periods  of  the  fluctuations  of 
the  right  and  of  the  loft  eye, l-cspcctivcly,  avoids  the 
periodical  black-out  in  binocular  vision. However , we  had 
the  opportunity  of  noticing  that  the  fluctuation  repor¬ 
ted  by  one  of  the  eyes  is  influenced  by  the  st-to  of  c- 
daptvtion  of  th,  oth.r  eye. In  some  ca>es  we  are  led  to 
infer  that  o--ne  eye  is  periodically  suppressed  by  the  o- 
♦therl^and  viccvursa.Por  instance, if  one  o ye  is  presented 
for  a  given  time  with  a  tost-fiaid  of  given  shapc(say,a 
diamond) , and  soon  after  having  switched  off  such  a  sti¬ 
mulus,  the  other  eye  is  presented  with  a  stimulus  of  dif¬ 
ferent  shape (say,  a  circle), the  fading  of. feet, in  this 
latter  eye, occurs  according  to  a  dinejond  shaped  pattern, 
at  least  during  the  first  few  minutes. Such  an  effect  has 
been  quantitatively  invostigatcd(8)  by  viewing  the  test 
fi&ld  in  Maxwellian  view. Under  such  conditions, perhaps 
as  a  consequence  of  the  St'lcs  and  Crawford  effect, the 
fading  is  stro^ly  reduced, so  that  the  intcr-ocular  in¬ 
fluences  may  appear  independently  of  the  monocual  effects. 
The  relation  between  the  fluctuation  of  the  after  inage 
and  the  i  fluctuation  of  the  intcrocularly  induced 

image  has  been  sought  for, but  so  many  fator3  arc  playing 
a  i?61o  in  this  probl'mc|,  that  no  definite  conclusion  has 
been  reached,  up  to  date. 

In  the  above  reported  work(7)  it  has  been  tested 
that  the  ratio  of  the  time  through  which  the  central¬ 
ly  fixated  field  appears  bright  to  the  tine  through  which 
it  appears  dark, os  determined  for  the  right  eye, is  ap¬ 
proximately  the  same-  as  that  determined  for  the  left  eye. 

A  diifforcncc  between  the  two  eyes  is  tested  if,ins’.oac 
of  LDR,tho  period  of  the  tine  fluctuation  is  taken  into 
account.lt  lias  been  suggested  that  such  a  difference  might 
be  put  in  relation  with  eye  do  linonce (9) . A  number  of  su¬ 
bjects  ( twenty-one  )  have  been  tested  by  the  aid  of  all 
the  current  methods, that  is, binocular  test , Jasper1 3  test, 
vision  through  a  monocular  microscope, evaluation  of  after 
images, and  •*  «  determination  of  th  period  of  fluctuation 
of  a  centrally  fixated  10  deg.Diaa.f iold(in  monocular  visj 
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The  result  is  that, in  con-  eases, all  th„  tests  ere 
in  favour  of  the  sumo  re3ponsc(either  right  or  loft  do¬ 
minance)  ,  but  in  some  eases  a  discrepancy  between  the  va¬ 
rious  tests  i3  reported. The  discrepancy  is  partly  due  to 
the  feet  th..t  we  ere  faced  with  qualitative  responses, and 
consequently, no  limitations  for  the  tolcjejirincon  ere  at 
our  disposal. As  a  provisional  conclusion,wc  might  infer 
that  the  p.riod  of  fluctuation  is  greater  for  the  domi¬ 
nant  that  for  the  not  -dominant  eye. 

Lot  us  increase  nor*  the  size  of  the  centrally  fixa¬ 
ted  stimulus, co  as  to  cover  all  the  visual  .filed(cnpty 
filed). In  monocular  vision(lC) ,tho  fi-ld  is  seen  to  flue 
tuat^.  centrally , while  the  peripciirel  pa-ts  app^r  stea¬ 
dy.  Again,  the  rhythm  of  the  fluctuation  of  the  right  eye 
may  differ  with  r,.3poct  to  that  of  the  left  oy  .However, 
the  fluctuation  ceases  after  a  number  of  minutes  of  expo 
sure  to  tie  -  empty  field (ranging  from  1  to  20, according 
to  the  subject*)  ,end  the  "final  situation"  for  the  right 
eye  is  found  to  be  diff-r^nt  viith  respect  to  that  for 
th..  left  eye. 

It  seems (9)  that, after  cescatjon  of  fluctuation,  . 
the  dominant  eye  sees  a  light  gray  f ibid, while  the  not 
dominant  eye  sees  a  dark  field. The  situation  i3  rather 
complicated, in  that  the  fi: Id  docs  not  appear  uniform, 
and, in  addition, some  observers  perceive  colored  patches 
often  in  motion. 

Binocular  vision-, in  an  empty  fiold(lO)  is  characte¬ 
rised  by  the  narrowing  cf  the  visual  field. A  faint  flue 
tuation  of  brightness  appears  in  the  c-ntral  portion, 
which  appears  delimitated  either  by  a  dark  ring, or  by 
a  fluctuating( often  not  homogeneous)  oval  border. In  viov/ 
of  the  foot  that  the  periodical  black-out  of  the  fixated 
tcst-fijl^  occurs  in  monocular  but  not  in  binocular  vision 
it  might  be  argued  that  the  narrowing  of  the  visual  field 
,in  the  empty  field, occurs  because  of  the  parti&ual  o- 
vcrlapping  of  the  two  monocular  fields. 

Other  effects  occurring  in  the  empty  field  arc  de¬ 
scribed  in  details  in  the-  above  mentioned  papers. 

A  thoorctibal  discussion  on  thv.  periodic  fluctuation 
is  reported  in  Fiorentini ’spacer, relative  to  the  vision 
with  stopped  images (sec  section  1). 

An  experiment  concerning  the  memory  for  brightness 
in  the  empty  field  is  now  in  progress. 

It  has  been  previously  e  iph.  sized  that  the  perception 
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of  brightness  depends  also  on  the  induction  arising 
from  neighbouring  cbjocts.llost  of  experiments  up  to  da 
to  performed  in  this  ficld(and  covering  subjects  like 
sinulat anc ous  contrast , actancotras t , inhibition , di sinhi 
bition)rcfcr  to  the  influence  exerted  by  bright  tost- 
ob^octs  upon  the  btightness  of  nearby  located  bright 
test-objects •Quantitative  data  have  been  produces  by  va 
rious  authors  as  to  the  infiy2ncc  of  factors  such  as  lu 
minanco, shape, mutual  distance , and  so  on. 

In  our  cxpcrincnt(l 1 )thc  effects  occurring  when  pro, 
sonting  a  series  of  black  demarcation  lines  on  a  wide 
(25  by  25  deg.)  bright  field  are  investigated. Such  lines 
produce -brightness  enhancements  and  depressions  which 
have  been  "measured"  by  determining  the  fusion  conditions 
relatively  to  a  s  m;ll  exploring  spot.  Such  a  method, ho  - 
wovcr,is  not  wholly  satisfactory , in  that  the  luminance 
of  the  spot, at  fusion, is  necessarily  so  high  that  it  a£ 
pears  unavoidably  surrounded  by  an  halo(duo  to  diffusion 
and  diffraction  effects  on  the  part  of  transparent  eye 
madia); this  feet  represents  a  limitation  as  to  the  appa¬ 
rent  sisc  of  the  exploring  3pot, and, consequently, the  po£3 
sibility  of  examining  the  details  of  a  pattern  is  redu 
ccd* 

"any  parameters  arc  involved, when  building  up  any 
pat  earn.  For  the  sake  of  simplicity  wo  considered  at 
first  a  bluck(wcll  contrasted)  line. Such  a  test-object, 
under  sock,  respects, may  be  regarded  as  "shapeless". Ap- 
Pv..ronuly,it  does  not  produce  any  peculiar  visual  effect-, 
unless  its  thickness  does  not  exceed, say, 10  nin.  of  arc. 
Beyond  such  a  limit, a  simultaneous  contrast  effect  is 
tcstcd(at  the  luminance  lwvcl  considered,©. 35  nit), con¬ 
sisting  of  an  enhancement  in  the  brightness  of  the  neigh 
b during  zone s ;  wo  regarded  sucli  d  Tine  as  "broad"  .If  two 
l!SP.f§r  "thin"  parallel  lines  (thickness  1.5  min.  of  ere) 
arc  present  in  the  visual  field, a  brightness  cnin-ncomcnt 
is  tested, provide#. the  mutu-1  dist-.nce  docs  not  exceed, 
say, 30  min.  of  arc. By  drawing  other  lines, all  parallel 
and  lying  in  the  frontoparallcl  pi. no), the  brightness  of 
the  stripe  delimitated  by  the  two  lines  is  altered; if 
many  purcg-llcl  lines  arc  prcsontc-d  at  c  srnv.ll  mutual 
distance, the  situation  is  extremely  complicated, even 
from  the  descriptive  stand  point. 

If  a  thin  line  Segment  is  bent, so  as  to  form  a  ring, 
the  brightness  inside  is  found  to  tho  grotare  that  out- 


side. If  a  narrow  break  is  present , such  that  Iks  size 
equal  the  thickness  of  the  line, the  luminance  inside  is 
found  to  be  lesser  than  that  outside. For  greater  .sizes 
of  the  break, no  diff^r^ncc  in  brightness  is  tested, when 
comparing  inner  and  outer  portions , respectively. On  the 
bwsis  of  these  findings, a  classification  of  thv,  various 
letters  of  the  alphabet  hos  been  attempted. Its  practi¬ 
cal  Volue, however, is  restricted  to  the  case  of  isolated 
letters, in  that  oorreunding  test-obe jeets  may  alter  the 
inner  brightness. 

From  the  theoretical  point  of  view, it  seems  that  tho 
reported  results  night  be  accounted  for  in  t^rne  of  la¬ 
teral  inhibition, analogously  to  what  is  usually  done  in 
the  ease  of  bright  inducing  test-objects. The  lateral  in¬ 
hibition  is  assumed  to  find,  its  counterpart  in  the  in¬ 
trinsic  organisation  of  tlii  receptor  field. Thus, it  is 
~s  if  tho  presence  of  the  image  ofi  a  thin  black  line 
through  the  peripheral  annulus  of  an  "on-center1  recep¬ 
tor  field  would  have  no  relevant  effect  when  taken  alone. 
On  tho  other  hand, two  oc.ual  lines , contemporaneously  pre¬ 
sent, may  reduce  lwt.r.,1  inhibition  exerted  by  the  peri¬ 
pheral  annulus  on  tlu  response  of  th_  center. Thus, tho 
f..ct  that  thw  brightness  enhancement  in  thvj  enclosed 
stripe  is  t.  sted  up  to  30'  df  lutual  distance , might 
give  an  idea  as  to  the  size  of  the  receptor  field, at 
the  level  considered. 

The  research  is  now  pursued  by  considering  grossed 
linos  of  various  uhglu^.r  sizes.  j 


Fig. 5-Perccnt  number  of  v/rong  res  ponses (implying  a  com¬ 
parison  bet1  eon  the-  brightnesses  of  two  stimuli  presen¬ 
ted  in  succession), as  a  function  of  the  time  t  elap¬ 
sing  between  the  two  succcsoivo  presentations. The  log 
difference  between  the  luminances  cl  the  two  stimuli 
is  0.2. Iiie  -total  number  of  responses  is  735. The  re¬ 
sponses  collocctd  at  various  lu  finance  3  are  averaged. 
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.j^lNYESTIGATIOrT  OH  RETINAL  RESPONSE  TO  LIGHTS  OF  DIF-  4 

FERENT  SPECTRAL  OPPOSITION,  BY  TAKING  AS  AN  INDEX 
BOTH  CRITICAL  FLICKER  FREQUENCY  AKD  ELECTRORZTINO- 
GRAPHIC  INTENSITY  FUNCTION., 


During  the  past  few  decades,  the  spectral  composi¬ 
tion  of  the  radiation  emitted  By  light  sources  was  bocon- 
.ing  more  and  more  rich  of  blue?  in  addition,  colored  light 
signals  and,  in  particular  blue  signals,  arc  more  and  more 
diffusely  employed.  Hov/cvcr,sono  points  conscrning  the 
visual  effects  of  such  lights  arc  still  obscure. 

In  this  connection, two  experiments  have  boon  perform¬ 
ed  (see  ref.(l2)  and  (l 3 ) ) . 

In  the  former  work  a  peculiar  effect  concerning  the 
fusion  conditions  relatively  to  a  high  frequency  -  high 
luminance  colored  signal  are  investigated, by  taking  as  a 
variable  the  retinal  location.  The  siiso  of  the  stimulating 
spot  is  about  1  dcg.dian.  and  it  is  scon  surrounded  by 
dark.  Two  trained  subjects  took  part  in  this  experiment. 
.The  color  temperature  of  the  lamp  used  a3  source  is  2800°K. 
The  colored  stimuli  arc  obtained  by  inserting  in  the  sti¬ 
mulating  boon  one  of  the  following  filters:  N.47  for  blue, 
E.25  for  red,  N.61  for  green. 

Classical  findings  concerning  red, white  and  green 
lights  are  once  more  confirmed  by  us, in  the  sense  that 
at  any  frequency  the  sensitivity  to  flicker  is  greater 
for  the  fevee  than  for  the  periphery. The  difference  i j 
less  narked  at  low  frequencies  than  at  high  frequencies. 

On  the  other  hand, when  using  blue  light , peculiar 
effects  are  tested, as  follows: 

a)  -  When  the  frequency  of  interruption  ranges  from, say, 

15  to  18  cps,  the  greatest  sensitivity  to  flicker  is  re¬ 
corded  at  exccntrici  ties  ranging  from  15  to  20  deg. - - - - 

b)  -  When  the  frequency  varies  from, say,  20  to  30  cps, 
fovoal  sensitivity  is  greater  than  peripheral  sensitivity. 

c)  —  At  highest  frequencies,  the  maximum  sensitivity  is 
recorded  at  about  15°-20°  of  excentricity, analogously  to 
what  happened  at  lowest  frequencies. 

Wo  did  not  record  any  response  at  frequencies  greater 
than  46  cps.  In  fact, the  threshold  of  flicker  is  reached 
at  such  an  high  intensity, that  the  light  scattered  by 
transparent  eye  media  plays  a  relevant  rolo:thus,on  annu¬ 
lus  surrounding  the  focal  area  is  seen  to  flicker, while 
the  center  does  not;being  our  fecal  area  so  small  (l0),' 
the  determination  of  fusion  conditions  in  peripheral  vi¬ 
sion  becomes  rather  ambiguous. 

ROTE:  for  bibliographical  references  sec  the  "List  of 
Technical  Notes". 


-29- 

Frorn  tho  physiological  stand  point  this  effect  night 
be  explained  in  terns  of  the  activity  of  blue  cones. 

From  tho  prntical  stand  point,  reference  night  be 
made  to  the  narrowing  of  the  visual  field  occurring  when 
driving  a  high  speed  vehicle.  In  part  at  least, such  an 
effect  night  be  ascribed  to  the  fact  that  fusion  condi¬ 
tions  in  tho  periphery  are  attained  at  lower  frequencies 
with  respect  to  the  fovea.  On  the  basis  of  the  above  re¬ 
ported  findings, it  seems  that, when  blue  light  is  used 
7  ( say, for  intense  light  sign. Qs, at  night  )  tli5ro  is  the.  .  .  •  - 
possibility  of  reporting, under  suitable  conditions, an 
annular  visual  field. 

The  addition  of  rod  light  to  a  blue  stimulus  has  been 
previously  tested  to  produce  peculiar  depression  Effects 
(ii.Honchi-Atti  Fond .  O.Ronciii ,  1 5 ,272  ,  ( 1 960)-A.Tl. Srcoles , 
Atti  Fond.  G-.  Ron  chi  ,  16 ,262.  (1961 ))  both  from  electroretino 
graphic  and  psychophysical  stand  points. Such  an  influence 
has  been  again  Jested  in  an  clcctrorotinographic  experi¬ 
ment  ( 13)  where  the  dark-adapted  retina  has  been  stimulate 
by  the  aid  of  varieole  relative  amounts  of  blue  and  red 
lights  (the  radiation  ori&ttodhby  a  2800°  K  has  been  fil¬ 
tered  through  hraotsn  filters  TT047  and  H°25 , respectively ) . 
'7hon  either  blue  cr  red  light  alone  are .used, the  linear 
branch  of  the  intensity  function  a?  .ears  quite  smooth. 

./hen  a  red  plus  blue  stimulus  is  used, tho  smoothness  is 
superseded  by  a  "hump"  whi  ch  see  .is  to  correspond  to  the 
conditions  where  the  red  stimulus  would  cease  to  be  effe 
ctive  when  taken  alone. In  addition, let  the  intensities  of 
the  two  stimuli , red  and  bluenrospcctivoly,be  such  that  the 
evoke  responses  of  approximately  the  sa  *o  size j now, the 
red  plus  blue  stimulus  is  found  to  evoke  a  slightly  higiiei 
■response, with  respect  to  those  evoked  by  the  components 
lights, taken  separately. The  implicit  times  of  tho  b-waves 
elicited  by  red, blue  and  red  plus  blue  stimuli /respecti¬ 
vely, are  of  the  same  order  of  magnitude , for  a  given  value 
of  the  density  c.f  tho  neutral  filter  controlling  the  in¬ 
tensity  of  the  stimulating  beam. In  a  few  words, tho  blue 
and  the  red.  responses  are  not  "additive" , even  far  from  the 
saturation  of  the  electroretincgraphic  intensity  function. 

Ilany  sets  were  devoted  to  this  experiment .In  eachs 
set  three  intensity  functions  were  recorded. Both  size  and 
implicit  time  were  measured. As  an  example, see  fig. 6. 
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4)-,/0BK  ON  LONG- TER  !  ADAPTATION  AND  TR  \  I  HI  K  G ,  EELaTI  VELY 
TO  THE  ELSCTROFcETI NOGRaPHI  G  RESPONSE. 


The  electroretinograa(ERG)  is  usually  regaled  as  an 
objective  response, and  most  of  investigators  have  been 
concerned  with  its  "physiological"  aspect. Since  1955  on, 
however, wo  had  the  opportunity  of  noticing  .that  some  unu¬ 
sual  fact  ois  may  affect  the  ERG  .  lany  records  have  been 
collected  during  the  past  for;  years, in  order  tc  put  such 
effects  in  their  proper  frame.  (L.Ronchi-.i.Bittini-Atti  Pont 
G .  Ronchi ,  Ij, , 417,(1 958) -L.  Ronchi-P .  *  lori-A  tti  Pond .  G .  Rone  hi , 
11$ 503 , ( 1 960 )-L. Ronchi-A .  .Ercolos-Atti  Fond . G . Ronchi ,16. 
518, (1961 )-L. Ronchi-A. .-.Ercoles-Aerospaco  Medicine , Ian. 
(l962)-{[see  also  ref.  14). Nowadays  we  believe  that  one  may 
speak  of  training  anf  long-term  adaptation, and  even  of  con¬ 
ditioning  in  the  Pavlovian  sense. The  research  is  being  pur 
sued, and  the  statistical  significance  of  many  effects  is 
-sought  f or. Being ' originally  Physicists ,we  appreciate  the 
co-operation  of  a  Psychologist  in  this  area, and  we  are  ve¬ 
ry  indebted  to  Dr. 3. J.Freednan(Tufts  University , Hass . )  for 
his  help. 

During  the  past  year,analo*''ous  rcxperi.nonts  have  been 
performed  both  by  Freed  tan  and  ourselves , with  different 
apparatus  and  diff  rent  sub jocts , and  the  results  are  in  a 
good  mutual  agreement.  * 

From  a  general  point  of  view  we  are  aiming  at  under¬ 
standing  the  true  meaning  of  ERG  from  the  bio-physical- 
neurophysiological  and  psychological  point  of  view. 

Let  us  record  the  ERG  in  response  to  a  given  light  sti¬ 
mulus.  Although  the  range  of  variability  for  the  response 
of  the  normal  eye  has  not  yet  been  standardized, wc may 
expect  a  given  size  vglue s for  instance  on  the  basis  of  an 
average  intensity  function  recorded  on  a  number  of  subjects 
by  the  aid  of  our  apyv.ratU3.How ,if  the  size  differs  with 
respect  to  that  expected, there  arc  the  following  possibi¬ 
lities: 

a) -The  eye  is  other  than  normal. 

b) -The  eye  is  normal, but: 

b^)sone  instrumental  artifacts  occurred. 
bgJthe  subject  was  not  as  stable  as  due^because  t 
blinking, eye  and  head  movements , lack  of  stab: 
ty  of  the  active  electrode , etc. ) 
b.)2ha  subject  is  suffering  from  some  peculiar  d: 
soases  of  general  origin 


NOTE:  for  references  see"List  of  Technical  Notes". 
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b.)provious  retinal  stimulation  notified  the  state  of  re 
tinel  adaptation 

bg)peculiar  f  itters  of  "psyhholo;>cnl"  nature  were  play- 
,  ing  a  role. 


^‘■int  a)  nay  be  excluded  a  priori, in  that  wc  arc  not 
directly  interested  in  clinical  problems. 

let  us  consider  now  point  b ) . The  results  reported 
below  were  recorded  from  subjects  specialized  in  latter  of 
psychophysical  research, in  the  field  of  Physiological 
Optics. Two  of  th.cn, L.H.  and  A.F.saro  working  since  1948. 
A.iI.E.  since  1952. Other  subjects  were  working  for  6, 2, and 
■£•  -year, respectively. 

Point  b  nay  be  regarded  as  unimportant. Our  apparatus 
consists  of  a  double-beau  Cossor  oscilloncopc,of  ?  Modified 
Gratz  pre-amplifier ( overall  tine  constant  0.7  sec), and  the 
active  electrode  is  fitted  in  the  corneal  bulge  of  a  con¬ 
tact  lens, while  the  indifferent  electrode  is  applied  cn  the 
fore-head. Such  an  apparatus  is  periodically  revised  by  a 
tocnnician, and  anodic  batteries, fxla  lent  heating  and  cur- 


rand  feeding  the  light  source  are  rigorously  stabilized. In 
addition, it  should  bo  noted  that  is  >:n^cu.-sl  dRG  responses 
are  recorded  in  a  given  set, from  a  given  sub  i act, quite  nor¬ 
mal  responses  .lay  be  recorded  from  another  subject  m  a 
just  proceeding  or  in  a  just  following  act. It  should  not 
be  forgotten, however , that  when, eight  y  *  are  ago, we  were  st- 
ting  up  our  a ? parctus ,we  notified  it  radically  a  number  of 
ti ‘ics( throe) ,Jn  that  wc  as^c^i-bed  the  v nr r, responses  to 
a  low  performance  of  the  appur  i;u-j  itself. The  t'.iird  one 
was  finally  r-g.-rded  a3  available , but  now  v.o  recognize  that 
it  happened  bo  cause  the  individuals  serviing  as  subjects  were 
attaining, at  that  tine  ,a  sufficiently  high  degree  cf  trai¬ 
ning. borne  complications  arose , again, when  another  subject 
participated  in  the  experiment, but  now  we  ascribed  the  trou 
blc  to  unusual  f acto±srclativo  to  the  " oloctroretinographic" 
performance  cf  the  subject, in  that, when  replacing  the  new 
subject  with  a  trained  one, also  the  gegree  of  availability 
of  the  system  as  a  whole  was  goed. 

Let  us  consider  now  point  b_.ln  our  apparatus 
‘•aarcrellian  view  is  employed, in  that  th.  light  eneters  the 
pupil  through  a  narrowing(2  nn  cia’.)  of  the  stimulating  beam. 
The  focal  area, at  the-  retina, is  about  5  drg.  clian.Thc  su¬ 
bject  keeps  his  head  in  position  by  tho  aid  of  a  ciiin-rcst 
and  fixates  a  di.vjly  illuminated  fixation  area, also  viewed 
in  axweliian  view. The  tooth -bite  is  not  employed, in  part 
because  a  trained  subject  does  not  need  it,  in  part  because 


in  long-lasting  experimental  sets  t*  trouble  arises  front 
the  salivation. 

Dy  applying  a  snail  mirror  on  the  contact  lens, and 
by  recording  the  move  .lent  of  the  reflected  bean, no  no¬ 
ticed  that  our  subcjct3  are  so  steady, when  they  ure  re¬ 
quested  to  keep  tlieir  cyo  in  a  given  position, that  the 
amplitude  of  the  motion  of  their  eyes  doej»not  ex  iced  the 
limits  of  the  involuntary  eye  movement  amplitude . In  addi, 
tion,  our  subjects  are  so  trained  to  keep  the  eyi  in  po¬ 
sition,  that  they  can  easily  see  the  fading-out ( even  in 
foveal  vision)  of  a  fixated  test-obe jet. The  percent  rati< 
of  misleading  responses  to  the  total  nu »ber  of  responses 
recorded  in  a  given  set, under  given  conditions  of  stimu¬ 
lation, for  an  "available"  subject  is  found  .to  be  about  6$ 
while  the  probability  that  I  ah '"artifact  ^whatever  its  natu 
relight  occur  4.11st  at  the  P^'ic  point  of  the  time  axis 
where  also  a  true  response!1  to  light  occurs, is  abput 
(see  L.Ronchi-6*Bottai-Atti  fond . G . Ranchi ,  1 6 . 532 1, ( 1 96 1  )). 
Rote  that  our  subjects  are  fitting  each  one  hiz£  proper 
contact  lcns,and  they  wear  it, for  various  purposes , even 
one  hour  per  day.- 

Point  b,  includes  some  peculiw.  >.  onditions , which, in 
general, were  carefully  avoided. Thus, for  instance1, we  no¬ 
ticed  a  decrease  in  the  size  of  SPG  response, through  a 
week  or  more, after  blood  donetion(G. Abboczo-.vtti!  Pond. 

G.  Ron  chi  .16,51 ,  (1961 )  $L.Ron£hi-G. Abbozzo-I. Torrini-IU 
nerva  *edica,in  press  ).jilsc  the  use  of  anaesthetic (l/I. 
3ittini-Atti  Eond.G.Ronchi , 13.44. (1958)  and  of  analgaesii 
drugs (unpublished  data)  may  alter  the  size  of  the  respon 
se  in  a  significant  way.  V 

The  troubles  relative  xb  point  b  were  carefully  a-  ■ 
voided. In  general, the  eye  of  our  subjects  is  adapted  to 
aarkwA  stimulus, in  order  to  evoke  a  sizable  ERG, must  be  . 
intense  enough  as  to  alter  the  original  state  of  adapta 
tion, and  a  local  adaptation  occurs  conconotantly  with 
ERG  response.lTov’,if  the  tine  interval  between  two  suc¬ 
cessive  stimulations  is  suitably  chcosen,any  response  na 
be  regarded  as  independent  of  the  residuals  of  previous 
stimulation. The  above  send  time  interval  depends  ,obviou 
on  the  amount  of  stimulating  energy. Lot  us  consider  a 
so  intense  stimulus ,tkat  a  slight  sub  isxinal  response  is 
recorded. In  general, in  our  ERG  experiments , involving  du¬ 


rations  of  a  few  hundioths  of  a  see, the 
successive  0ti.1ulatj.0ns  was  about  half -a- 
we  used  more  frequent  stimulations (one  s 


interval!  between 
-min. Recently 
tinulus  in  ten 


of  in  five  sec). The  result  is 


that  if  no  unusual  factors 


work, soon 


initial  period  of  training, 


the  size  of  such  frequent  response  docs  not  change  appro 
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bly,oven  if  the  sot  is  prolonged  f or,say,half-an-hour. 

(In  text-books  vc  find  that, in  general, the  time  interval 
be  we  en  successive  stimulations  should  not  bo  lessor  than 
l£soc).fihus,it  is  cncc  more*  confined  that  the  DUG  provi 
dos  an  index  of  retinol  adaptation  ■which  differs  with  re 


spoct  to  that  obtained  from  psychophysical  responses. 
Finally, 1st  us  co, wider  point  frca  63[j?crl. 

nents  or.  ce:v.U  tinning,  not  taken  into  account  here, the  u- 
nusual  eft'..- eta  occurring  under  repeated  stimulation  by 
the  aid-  of  a  given  light  oti  iulus  may  be  subdivided  ac 
follows: 


I  J-Veriotioii  of  both  size  t;uC  shape-  of*  the  response  du¬ 
ring  the  first  few  preliminary  sots. Such  a  "training" 
effect  concerns  mainly  those  subjects  vho, before, did  ne¬ 
ver  participate  in  17 G  exyen  icr.te.In  gcnoral,  one  initial 


response  ap  wears  quite  negative, then, the  negativity  tends 
to  decrease, and, last , it  disc-: years. The  size  of  tho  posi, 
tivc  response  increases  at  first, cuid  after  the  first 
two  or  throe  days, it  attain.'  its  .taxi  rum  value, followed 
by  a  slot/  decline , until, finally, a  steady  level  is  atta 
inod. 


II )-Y-riatior.  of  th.  response  implying  a  long-term  ada¬ 
ptation. Such  an  effect  concerns  trained  subjects  presented 
with  a  new  condition  of  stimulation. Let  the  time  inter¬ 
val  between  two  successive  flashes  bo  10  see, and  let  be 
ICO  the  number  of  responses  coll..: otod  in  each  sot. The  be 
havior  cf  tho  average  3ize  of  those  responses, plotted  ae 
a  function  of  the  order  number  of  the  set, is  that  shown 
in  figures  7  through  9.1/ote  the  tremendous  change  in  3ize 
while  both  latency  and  implicit  tine  remain  practically 
unchanged  (apart  from  slight  chc.;.ges,not  reproducible  in 
all  the  si  tv.  at  ions).. 

'/hat  above  reported  refers  to  t-ib  average  values  of 
the  sizes  recorded  trhoughout  each  .%.c?si on. However , pecu¬ 
liar  edaptaticnal  changes  arc  tested  even  during  tho  cour 
oe  of  a  given  set. In  some  cases, the  size  of  the  response 
is  rigorously  tho  same, during  the  various  presentations. 

In  ether  ease:, an  initial  rise  is  followed  by  a  drop. Last, 
in  some  cases  a  negatively  accelerated  function  is  re¬ 
ported. 


One  might  suggest  that  wh.n  ILG  responses  arc  re¬ 
corded  ov 
se:-£'j  iivi 
tional  of 

bility  of  a  nutud  masking. 

it  is  our  ppinion  that  tho  seasonal  variation  is 


e-r  o  period  o:  months, a  seasonal  variation  of 
ty  io  likely  to  occur, in  add. tion^fco  the  adapts 
h;Cts,und  the  question  arises  a a  to  the  poo si- 
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such  a  slow  effect  compared  to  the  abrupt  changes  due  to 
long-torn  adapta tion, that  its  effect  plays  a  secondary 
role. Such  an  opinion  is  based  on  experimental  evidence 
collcceted  by  ireeduan,:in  our  laboratory ,v/ho  recorded 
for  a  period  of  two  weeks, every  day,et  the  sane  time, 
fron  the  sane  subject, both  the  response  to  a  sequence 
of  stimuli  of  given  intensity,and,suitably  interv ailed, 
a  number (three )  of  intensity  functions. These  latters 
did  not  amcar  to  change  ap  orecieblyjjin  a  first  appro¬ 
ximate.  on*  at  least)  ,--.-hile”'tIie  Ibnjptcrri  adapts- ti on  was 
occurring .The  conclusion  !■?  that  such  changes  in  tho  re¬ 
sponse  level  arc-  closely  related  to  the  exposure  situa¬ 
tion,  or, in  other  words,  the  gradient- of  generalization 
is  extra  rely  steep. 

In  addiBiion  to  the  ubov.'  r p or  tod  ro suits , we  were 
recording  other  effects. To  do  lonslrato  their  statisti¬ 
cal  significance  is  the  purpose  of  our  future  work. 

= ^  ^  v  ^  7  ^  ^  ^  ^  ^  ^ = 


5th  10th  15th 
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Captions  to  the  figures  7  ,7  bis, 8  and  9« 


Upppr  portionithe  size  of  the  scotcpic  b-wavc  is  plotted 
against  the  order  number  of  the  set. Each  point  refers  to 
the  average  of  about  100  responses , collected  in  a  given 
-Sot. . . . . .  . 

Lck; or  portion; the  time  amplitude  of  tho  b-v>ave,thut  is 
the  difference  between  implicit  ti  ’o  end  latency  tine, 
as  a  function  of  the  order  number  of  the  sot. 

Labels  I, II  etc.  refer  to  diffluent  periods  of  the  year 
through  vihich  experiments  vjoro  performed, as  follows: 

Pig.7~0bsorver  L.R.- 

(i)-frcn  31  Oct.  to  1  Lee.  1961. 

(II) -fron  4  to  12  Lee. 1961 

(III) -fron  20  Jan.  to  14  'larch  1962. 

Pig. 7  bis-fron  25  may  to  2  June  1962. 

Pig.8-(il^-  ©srova?  Observer  A..I.E. 

(il)-fron  23.  Jan.  to  1  Peb.  1962. 

(Ill)-frcn  28  Hay  to  5  June  1962. 

Pig. 9-Observer  A.F. 

(I) -25  Sept. -6  Got#  1961 

(II) -25  Hay-2  June .1962. 

Curves  labeld  IV(fig.7  bis) , III (fig. 8)  end  (ll{fig.9) 
were  recorded  by  the  aid  of  a  repeated  stimulation  of 
4.2  mL  in  intcr.sityt .The  others  r-ferr  to  slightly  hi¬ 
gher  values. 
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(1) -H.  Bittini-Subjcctivc  sharpness  and  contrast  thro- 

shold-Atti  Fond. G.R  nchi, 12, 387,(1 962^. 

(2) -I.Ronchi-I.Adachi-0n  the  sharpness  of  dofocus3od  con 

tours-Atti  Pond . G. Ronhei , 1 7 , 405 >(1962)* 

(3) -l.Ronchi-!l.Bittini-I .Adachi-Subjectivo  sharpness  of  a 
_________ —  contour  as  c  function  of  luminance  and  con¬ 
trast-  6th  (170  'locti eh ♦ Aug.  1 962* 

; .. )-Ji. tag j. v t  auoa  on  tuo  Dlur-to-snarp  -crag 
sition-Atti  Fond. G. Ronchi .17, ,(1962)* 

(5) -Tj. Ronchi -A. 'f.Ercoles-AdEptational  effects  at  photo- 

" "  :~"r  :  pie  and  inesppic  luminances  as  a  function  of 

contrast-Atti  Fond. G. Ronchi  ,11,185,(1962). 

(6) -M.Conticelli-?.femory  for  brightness : stimuli  wf  small 

size , surrounded  by  dark.Atti  Pond.G.Ronchi, 
12,497  ,(1962). 

(7) -M.Conticelli-Training  and  retinal  location  affecting 

the  periodic  fluctuation  of  apparent  bright 
ness  during  prolonged  fixation-Atti  Pond. 
GSRonchi,  12,396, (1962). 

(8) -LI.Conticelli-Quelques  experiences  sur  la  fluctuation 

de  la  brillance  apparente-Optik, (in  press). 

(9) -G.Perrara  Mori-Eye  dominance  in  an  empty  field-Atti 

Pond . G. Ronchi ,12, 55 , ( 1 962 ) . 

(10) -L. Ronchi -’I. Conticelli-The  "fading-out"  of  a  fixated 

•  test-field.\Jonocular  and  binocuh$r  experi¬ 

ments.  Atti  Pond.G.Ronchi, 16,643* ( 1 96 1 ). 

(11 ) -LRonchi-G.Bottai-Yisual  effects  produced  by  a  sti¬ 

mulus  consisting  og  a  variable  number  of 
black  line  segments  viwed  on  a  bright  back 
ground- Atti  Pond.G.Ronchi ,12,507  , (1962). 

(12) -!i.Bittini-A  comparison  between  foveal  and  periphe¬ 

ral  flicker  sensitivity  for  colored  lightd 
at  photopic  levels-Atti  Pond.G.Ronchi  ,u, 

N°6  ,(1962), in  press. 

(13) -A.!l.Ercoles-Red  and  blue  electroretinograms  at  va¬ 

rious  luninances-Atti  Pond. G. Ronchi,  12, N°6, 
(1962) , in  press. 

(14) -I».Ronchi-S.J.Preedman-Adaptation  and  training  effects 

in  ERG: I -Lon;.’:  term  adaptation-Atti  Pond.G. 
Ronchi ,12,381 , (1962). 
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(  !  5  .^^syap ,  jub  ^  d^Ophth^f  oncti  onelle » 

llarseille, 25-28  Nov. , (1962) . 

^SM.H.Broo^^.norontini  * 

as  a  function  of  oxoentrioity  -  Atti  «ond. 
i  '  G.Ronohl,  XL>  »*«  09«2).  »«»•*  in. 

(17)  A.RiorentinieSdnA.?.f  ools^-^sone  *  b,llze4 

object  -  Paper  presented  at  the  6th  CIO 
nfeAtins.  Uunich,  August  1982 
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